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INTRODUCTION
In 1993 , monovision accounted for approximately 80% of all contact lens presbyopic correction and was the most popular contact lens modality used to correct presbyopia (1) . Monovision offers certain advantages over spectacle correction. These include aesthetics, clear distance and near vision with one modality, continued use of contact lenses after presbyopia, lack of fogging in temperature or humidity extremes and lack of visual difficulties frequently experienced with glasses while walking and using stairways (2) . The original suggestion of this correction modality was attributed to Westsmith and involves correction of one eye for distance vision while the fellow eye is corrected for near vision (3, 4) . The underlying mechanism of monovision is still controversial. Some researchers reason that successful correction depends on the binocular system to centrally suppress blur from the defocused eye (5, 6, 7, 8) . However, another study shows that information from the blurred eye's image is summed with information from the in-focus image of the fellow eye (2) . Thus, under monovision viewing conditions the blurred eye may make a substantial contribution to the binocular perceived image. Although monovision correction has been in use for more than 30 years and several studies have investigated its effects on visual functions including stereopsis and contrast sensitivity, there have been no studies investigating monovision and its effect on reading.
Several studies show diminished stereopsis and stereoacuity in the presence of monocular blur (,9,10,11,12,13) . However, since near reading tasks are two dimensional and only require second-degree fusion (flat fusion), stereopsis is probably of little concern in reading. Monovision causes a reduction in contrast sensitivity for all spatial frequencies but only slightly for high contrast targets (14) . Since reading is a high contrast task, it may have a slight effect on reading efficiency (15) .
Under normal binocular reading conditions, the sensory input from both eyes is integrated to produce a clear stable image, which in tum is used to guide saccadic eye movements. During initial monovision wear, the clear and blurred images interact in the binocular cells of the visual cortex and lead to a less clear final image (16) . We speculate the resulting final image may in tum compromise reading eye movements that are dependent on visual input from both eyes. Poor eye movements during reading can manifest as reduced comprehension and reading speed, two of the variables measured in this study.
Reading efficiency and competence can be measured using the Ober2 Visagraph.
The Visagraph monitors and records eye movements while reading a paragraph appropriate for the subject's reading level. Following this reading, a short quiz measures reading comprehension. This reading efficiency measurement combined with standardized reading procedures provide a detailed evaluation of an individual's reading competence (17) . The Visagraph has been successfully used in several studies (18, 19, 20, 21) .
This study has been designed as a continuation of a previous work investigating the effect of monovision lenses on certain reading skills (22) . The previous study was performed on a small population sample and the results could not be extrapolated to the general population. We use a larger sample of patients to investigate the effect of monovision contact lenses on reading eye movements, reading speed and comprehension using the Ober 2 Visagraph.
METHODS

Subjects
Twenty-one participants, 18 females and 3 males, met the following inclusion criteria: Each subject provided informed consent to the study protocol. An incentive for participation of $50 and a one-year supply of monovision contact lenses (Vistakon Acuvue 2) was provided to each subject for participation ..
Protocol
The Ober 2 Visagraph was used to record and analyze reading eye movements.
This instrument uses infrared sensors held in place by a pair of goggles that are worn by the subject during a reading task. These sensors work by comparing the relative intensities of reflected infrared light from near the limbus of the subject's eye. The sclera reflects more infrared light than the cornea. For example, if the eye is turned temporally there will be a rise in the intensity of the reflected light from the nasal limbus accompanied by a decrease from the temporal limbus. The Ober 2 software processes this information.
The subjects were asked to read a short biographical paragraph. The paragraph was chosen randomly but after being chosen the patient was questioned on whether they were familiar with the topic. In order to eliminate bias, if the subject was familiar with the topic it was discarded and another topic was randomly chosen. After each reading passage there were ten standardized true/false questions to assess reading comprehension.
The resulting computerized report includes: fixation/ 100 words, regression/ 100 words, average span of recognition (words), average duration of fixation (sec), rate of reading with comprehension (wpm), grade level efficiency, directional attack difficulty, rate adjusted for re-reading (words/min), comprehension questions correct(%), and other descriptive data. The study involved one independent variable, monovision versus single vision distance control, and several measured dependent variables. The measured dependent variables are summarized in Table 1 . 
Study Lenses
Vistakon Acuvue 2 lenses were used as the study lenses. The base curve of the lenses used were 8.3 and 8.7 and the diameter was 14.0.
Statistical Analysis
The study was a counter-balanced design in which subjects were fitted with Vistakon Acuvue 2 lenses. By design the study used repeated measures in two conditions: distance control contact lenses with near spectacle lenses and, monovision.
The measurement variables include reading eye movements, reading speed and comprehension using the Ober-2 Visagraph. These variables were scaled parametrically and analyzed using repeated measures two-tailed t-tests and post hoc chi square analysis
RESULTS
Twenty-one presbyopic subjects were fit with contact lenses under two conditions to enable them to read at near. One condition was a monovision contact lens fit and the other was a distance contact lens fit with reading spectacles. The power of the near reading add was determined by using the 40cm binocular cross cylinder value relative to the best distance Rx or mid-point of the PRA and NRA. Each subject was assessed for reading performance by using the Ober2 Visagraph. Three trials were conducted for each condition. The first trial was discarded and the results from the latter two trials were analyzed.
The data were first analyzed to determine if differences existed within the two trials in each condition. The analysis revealed differences only within the monovision trials for fixations/100 words (p<0.03), indicating slightly better performance and less variability by the subjects on the first monovision trial. The number of fixations per 100 words for MVl was 112.7 ± 26.3 compared to 128.7 ± 44.1 for MV2. These data are summarized in Table 2 . Due to the high variability between trials that is common with Ober2 measurements, the results were submitted to post hoc analysis using the chi square test.
Table 2. Descriptive Data and Probabilities {t-test) for the Repeated Trials in Each of the Two Conditions Investigated
This analysis was performed to determine whether significantly more subjects performed better or worse in one condition regardless of the magnitude of the difference by condition. The chi square results were consistent with the t-test analyses and revealed no systematic difference in the reading eye movement performance between conditions.
DISCUSSION
Monovision contact lens correction, a common refractive correction for
presbyopes, is the technique of correcting one eye for distance and the other for near.
Despite the increased interest in monovision correction, there is no published research known to the authors that investigates the effects of monovision on eye movements used in reading. Reading is a two-dimensional, high contrast activity that requires coordinated, accurate eye movements to perform efficiently and is affected by the clarity of an image. The presbyopic population in the United States is increasing and is actively involved in many occupational and leisure activities that require reading. This study was conducted to investigate the effects of monovision contact lens correction on reading eye movements, reading speed and reading comprehension as compared to distance contact lens correction with a near spectacle add.
The comparison of distance vision trial 1 (DV1) with trial 2 (DV2) results showed no significant differences (Table 2) , indicating reliability and consistency of the measurement procedure. When comparing monovision contact lens correction to binocular correction, the results showed that reading characteristics measured by the Ober2 Visagraph are in general not affected. Of the several variables measured in this study, only the average duration of fixation was significantly worse with monovision correction. This difference was 0.01 sec (3.7%) and is probably not clinically significant.
The greater fixation duration could be due to the extra time required to clear an image during a fixation or the time required to adequately suppress the blurry image from one eye. No differences were found in other variables related to reading speed, accuracy of reading eye movements, nor reading comprehension.
There are several reasons why monovision contact lens wear did not affect reading eye movements in this study. Input from the blurry eye (the distance corrected eye when looking at near) could be suppressed so that reading eye movements are primarily directed by the clear eye (the eye corrected for near when looking at near).
Alternatively, the blur to one eye may not be enough to disrupt the binocular vision (second degree fusion) required for reading.
It takes most patients at least two weeks to adapt to monovision lens correction and it is recommended that doctors tell their patients it will take 4-6 weeks to adapt (14) .
In the current study, it would have been ideal if subjects were fit with one lens modality (distance vision or monovision) and allowed a minimum of two weeks to adapt before being tested, and then re-adapted for the other lens modality and measured. In this study, subjects were given ten minutes to adapt to their contact lenses prior to testing. This brief protocol was selected to encourage participation of subjects and to minimize fatigue effects during data collection A longer adaptation time would have allowed for a more realistic measure of any effect on reading eye movements, however, it was not feasible at this time. The short time between MV1 and MV2 was like a short adaptation time and may account in part for the poorer performance shown for fixations/100 words and the insignificant trend toward poorer performance on nearly all of the other variables measured. It may be found that given enough time to adapt, monovision correction may in fact affect reading ability to some degree. E. Description of Project: In this study, we will investigate the effect of monovision contact lenses on reading speed and comprehension. Initially, common clinical distance and near tests will be performed to determine if subjects meet the study criteria. If the criteria are met, we will then fit subjects with Vistakon Acuvue 2 contact lenses. Eye movements will be measured while reading a paragraph under two conditions: 1. monovision contact lenses and 2. distance vision contact lenses with near vision spectacle lenses.
CONCLUSION
F. Description of Risks: All procedures performed in this study will be current, accepted clinical procedures. Small amounts of redness may occur with contact lens wear, and there is an extremely small risk of ocular infection. If care is not taken when placing the goggles on, there is a small risk that the goggles may by chance strike your eye.
G. Description of Benefits: Results of this project will be used for evaluating the use of monovision contact lens correction while driving. Past experience has demonstrated the difficulty in recruiting subjects for monovision contact lens studies. For this study, we have made preliminary arrangements to recruit members of the Forest Grove, Oregon Lions Club as subjects. An incentive for participation of $50 will be provided each subject. These cash incentives would be transferred to the Lions Club to assist them in their support of providing vision care services to the community.
H. Alternatives advantageous to Subjects-There are no additional alternative procedures or courses of treatment.
I. Confidentially: Records of this project will be maintained in a confidential manner and no name-identifiable information will be released.
J. Compensation and Medical Care: If you are injured in this experiment and it is not the fault of Pacific University, the experimenters, or any organization associated with the experiment, you should not expect to receive compensation or medical care from Pacific University, the experimenters, or any organization associated with the experiment.
K. Offer to Answer Inquiries: The experimenters will be happy to answer any questions you may have at any time during the course of this study. If you are not satisfied with the answers you receive, please call Dr. Karl Citek at (503) 359-2126. During your participation in the project you are not a Pacific University clinic patient or client and all questions should be directed to the researchers and/or the faculty advisor who will be solely responsible for any treatment (except in an emergency). You will not be receiving complete eye, vision, or health care as a result of participation in this project; therefore, you will need to maintain your regular program of eye, vision, and health care.
L. Freedom to Withdraw: You are free to withdraw your consent and to discontinue participation in this project at any time without prejudice or consequences to you. I have read and understand the above. I am 18 years of age or over or this form is signed by me and my parent or guardian. 
